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
0DULQHGXDOIXHOHQJLQHPRGHOOLQJDQGSDUDPHWULFLQYHVWLJDWLRQRIHQJLQHVHWWLQJVHIIHFW
RQSHUIRUPDQFHHPLVVLRQVWUDGHRIIV
6RNUDWLV6WRXPSRVD*HUDVLPRV7KHRWRNDWRVD(YDQJHORV%RXORXJRXULVD'UDFRV9DVVDORVD ,UDNOLV
/D]DNLVEDQG*HRUJH/LYDQRVF
D 0DULWLPH 6DIHW\ 5HVHDUFK &HQWUH 'HSDUWPHQW RI 1DYDO $UFKLWHFWXUH 2FHDQ DQG 0DULQH
(QJLQHHULQJ8QLYHUVLW\RI6WUDWKFO\GH0RQWURVH6WUHHW*ODVJRZ*/=6FRWODQG8.
E'HSDUWPHQWRI1DYDO$UFKLWHFWXUH2FHDQDQG0DULQH(QJLQHHULQJ8QLYHUVLW\RI6WUDWKFO\GH
0RQWURVH6WUHHW*ODVJRZ*/=6FRWODQG8.
F'HSDUWPHQWRI1DYDO$UFKLWHFWXUH7HFKQRORJLFDO(GXFDWLRQDO,QVWLWXWHRI$WKHQV(JDOHR*UHHFH
7KHVHDXWKRUVFRQWULEXWHGHTXDOO\WRWKLVZRUN
$%675$&7
7KH FRQWLQXRXV VWULQJHQW UHTXLUHPHQWV RI WKH HQYLURQPHQWDO UHJXODWLRQV DORQJ ZLWK WKH /1* IXHO
SHQHWUDWLRQ DQG WKH GHYHORSPHQW RI SRUW DQG EXQNHULQJ IDFLOLWLHV UHQGHU WKH XVH RI WKH GXDO IXHO
HQJLQHV DQ DWWUDFWLYH DOWHUQDWLYH RI WKH WUDGLWLRQDO VKLS SURSXOVLRQ SODQWV EDVHG RQ 'LHVHO HQJLQHV
UXQQLQJZLWK+)2IRUUHGXFLQJERWKWKHSODQWRSHUDWLQJFRVWDQGHQYLURQPHQWDOIRRWSULQW7KHSUHVHQW
VWXG\GHDOVZLWKWKHFRPSXWDWLRQDOLQYHVWLJDWLRQRIDODUJHPDULQHGXDOIXHO')HQJLQHRIWKHIRXU
VWURNHW\SHIRUFRPSDULQJLWVSHUIRUPDQFHDQGHPLVVLRQV LQERWKGLHVHODQGJDVPRGHRSHUDWLRQE\
XVLQJWKHFRPPHUFLDOVRIWZDUH*7,6(7KHHQJLQHGLHVHOPRGHOZDVLQLWLDOO\VHWXSDQGFDOLEUDWHGWR
DGHTXDWHO\ UHSUHVHQW WKH HQJLQH RSHUDWLRQ 6XEVHTXHQWO\ WKH HQJLQH GXDO IXHO PRGHO ZDV IXUWKHU
GHYHORSHGE\FRQVLGHULQJWKHLQMHFWLRQRIWZRGLIIHUHQWIXHOVPHWKDQHLQWKHF\OLQGHULQOHWSRUWVDQG
SLORW GLHVHO IXHO LQWR WKH HQJLQH F\OLQGHUV 7KH GHULYHG UHVXOWV ZHUH DQDO\VHG IRU UHYHDOLQJ WKH
GLIIHUHQFHV RI WKH HQJLQH SHUIRUPDQFH DQG HPLVVLRQV DW HDFK RSHUDWLQJ PRGH ,Q DGGLWLRQ WKH
WXUERFKDUJHU PDWFKLQJ ZDV LQYHVWLJDWHG DQG GLVFXVVHG WR HQOLJKWHQ WKH WXUERFKDUJLQJ V\VWHP
FKDOOHQJHV GXH WR WKH FRPSOHWHO\ GLIIHUHQW DLU IXHO UDWLR UHTXLUHPHQWV LQ GLHVHO DQG JDV PRGHV
UHVSHFWLYHO\)LQDOO\SDUDPHWULFVLPXODWLRQVZHUHSHUIRUPHGIRUJDVPRGHRSHUDWLRQDWGLIIHUHQWORDGV
E\YDU\LQJSLORWIXHOLQMHFWLRQWLPLQJLQOHWYDOYHFORVLQJDQGLQOHWPDQLIROGERRVWSUHVVXUHDLPLQJWR
LGHQWLI\ WKH HQJLQH VHWWLQJV WKDW VLPXOWDQHRXVO\ UHGXFH &2 DQG 12[ HPLVVLRQV FRQVLGHULQJ WKH
 UDWLR RSHUDWLRQZLQGRZ OLPLWDWLRQV7KH SDUDPHWULF VWXG\ UHVXOWV DUH GLVFXVVHG WR LQIHU WKH
HQJLQHRSWLPDOVHWWLQJV
5(9,6('0DQXVFULSW810$5.('
&OLFNKHUHWRYLHZOLQNHG5HIHUHQFHV
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 
.H\ZRUGVPDULQHGXDOIXHO IRXUVWURNHHQJLQHVORZSUHVVXUHJDVLQMHFWLRQ*7,6(*732:(5
VLPXODWLRQ WXUERFKDUJLQJ V\VWHP UHTXLUHPHQWV SHUIRUPDQFHHPLVVLRQV FRPSDULVRQ SDUDPHWULF
LQYHVWLJDWLRQHQJLQHRSWLPDOVHWWLQJV 
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 ,1752'8&7,21
0DULQHGLHVHOHQJLQHVJDVHRXVHPLVVLRQVLQFOXGLQJ&212[62[+&&2DQG30KDYHEHHQ
VWHDGLO\LQFUHDVLQJWKURXJKRXWWKHODVW\HDUV$VLWLVUHSRUWHGLQ%RZV /DUNLQHWDOVKLSSLQJ
DFFRXQWVIRURIJOREDOJDVHRXVHPLVVLRQV)RUFRQWUROOLQJJDVHRXVHPLVVLRQVDQGDLUSROOXWLRQDV
ZHOODVUHGXFLQJWKHHQYLURQPHQWDOLPSDFWRIWKHPDULWLPHLQGXVWU\YDULRXVLQWHUQDWLRQDODQGQDWLRQDO
UHJXODWRU\ERGLHVVXFKDV,02(06$DQG(3$KDYHDGRSWHGDVHULHVRIUHJXODWLRQVIRUOLPLWLQJWKH
QRQJUHHQKRXVH JDVHRXV HPLVVLRQV LQFOXGLQJ 12[ DQG 62[ DV ZHOO DV WKH JUHHQKRXVH JDVHRXV
HPLVVLRQVPDLQO\&2DVLOOXVWUDWHGLQ,02(06$DQG(3$
7KURXJK WKHVH DPHQGPHQWV RI WKH LQWHUQDWLRQDO UHJXODWRU\ IUDPHZRUN WKH (QHUJ\ (IILFLHQF\
'HVLJQ,QGH[((',DQGWKH(QHUJ\(IILFLHQF\2SHUDWLRQDO,QGLFDWRU((2,ZHUHLQWURGXFHG%DVHG
RQWKHDIRUHPHQWLRQHGWKH6KLS(QHUJ\(IILFLHQF\0DQDJHPHQW3ODQ6((03ZDVHVWDEOLVKHG7KH
((',ZDVPDGHPDQGDWRU\IRUQHZO\EXLOWVKLSVRQZKLOVW6((03IRUQHZDQGH[LVWLQJYHVVHOV
RQZLWKWKHDGRSWLRQRIDPHQGPHQWV WR0$532/$QQH[9,7KHH[SHFWHGEHQHILWV IURPWKH
LPSOHPHQWDWLRQRI WKHDERYHLQFOXGHQRWRQO\WKHUHGXFWLRQRIWKHHQYLURQPHQWDO LPSDFWRIJDVHRXV
HPLVVLRQV EXW DOVR WKH UHGXFWLRQ RI WKH IXHO FRQVXPSWLRQ WKURXJKRXW WKH VKLS OLIHWLPH OHDGLQJ WR
PLQLPLVHGRSHUDWLQJFRVWVWKDWDIIHFWWKHFRPSHWLWLYHQHVVRIWKHVKLSSLQJFRPSDQLHVDVLWLVGLVFXVVHG
LQ7KHRWRNDWRV	7]HOHSLV)XUWKHUPRUHWKHSULFHRI/1*LVDOVRDWWUDFWLYHDERXWRIWKH
+)2SULFH/LYDQRVHWDODOWKRXJKWKHPDUNHWLVYRODWLOHDQGWKHIXHOVSULFHVDUHDIIHFWHGE\
YDULRXVSDUDPHWHUVLQFOXGLQJJHRSROLWLFDOIDFWRUV
5HVSRQGLQJ WR WKHLPSRVHG UHJXODWRU\IUDPHZRUN WKHHQJLQHPDQXIDFWXUHUVHJ0$1'LHVHO	
7XUER  DQG :lUWVLOl  DV ZHOO DV &ODVVLILFDWLRQ VRFLHWLHV HJ $%6  SHUIRUPHG
VWXGLHV IRFXVLQJ RQ WKH JDVHRXV HPLVVLRQV UHGXFWLRQ -HDQ0LFKDHO  +HQGULN HW DO 
%RXPDQHWDO,QDGGLWLRQWKHHQJLQHPDQXIDFWXUHUVKDYHXQGHUJRQHHIIRUWVWRLPSURYHWKH
FRPEXVWLRQFKDUDFWHULVWLFVLQRUGHUWRLPSURYHWKHHQJLQHVHIILFLHQF\DQGFRQVHTXHQWO\WRUHGXFHWKH
DVVRFLDWHG IXHO FRQVXPSWLRQ DV ZHOO DV WR OLPLW WKH HQJLQHV JDVHRXV HPLVVLRQV 0DULQH HQJLQH
PDQXIDFWXUHUVKDYHDOVRGHYHORSHGGXDOIXHO ')YHUVLRQVERWKIRU WKH ODUJH WZRVWRNHVORZVSHHG
HQJLQHVDQGWKHVPDOOWRPHGLXPVL]HIRXUVWURNHHQJLQHV7KHVHHQJLQHVKDYHWKHDELOLW\WRRSHUDWH
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RQWKHJDVDQGGLHVHOPRGHVLQWKHIRUPHUE\XVLQJQDWXUDOJDVDQGSLORWGLHVHOIXHOLQWKHODWWHUE\
EXUQLQJGLHVHOIXHO+)2RU0*2
$VLWLVGLVFXVVHGLQ/LYDQRVHWDODQG$EGHOUDKPDQHWDOQDWXUDOJDV1*LVWKH
JUHHQHVW IRVVLO IXHO WKDW IRUPV D ZHOO SURYHQ DQG IHDVLEOH VROXWLRQ IRU VKLSV SURSXOVLRQ :KLOVW WKH
FRQYHQWLRQDOGLHVHOIXHOVZLOO UHPDLQWKHPDLQSUHIHUHQFHIRUWKHPDMRULW\RI WKHH[LVWLQJYHVVHOV LQ
WKHQHDU IXWXUH WKHFRPPHUFLDORSSRUWXQLWLHVRI WKHQDWXUDOJDVDUHDWWUDFWLYH IRUQHZEXLOWYHVVHOV
7KHVXOSKXUFRQWHQWRIQDWXUDOJDVLVDOPRVW]HURDERXWE\PDVVZKLFK LVZHOOEHORZWKH
OLPLWUHTXLUHGIRU(&$VIURPDQGWKHUHIRUHWKH62[HPLVVLRQVRIWKHHQJLQHVRSHUDWLQJLQ
JDVPRGHDUHYHU\ OLPLWHG 62[HPLVVLRQV FDQEH UHGXFHGXS WRFRPSDUHGZLWK WKHGLHVHO
PRGH RSHUDWLRQ DW+)2 ,Q DGGLWLRQ WKH ') IRXUVWURNH HQJLQHVZLWK ORZ SUHVVXUH DGPLVVLRQ FDQ
DFKLHYHXSWR12[HPLVVLRQVUHGXFWLRQDVWKH\RSHUDWHLQWKHOHDQEXUQFRPEXVWLRQFRQFHSWWKH
&2 HPLVVLRQV FDQ GHFUHDVH XS WR  GXH WR WKH QDWXUDO JDV ORZHU FDUERQ WR K\GURJHQ UDWLR
ZKHUHDV WKHSDUWLFXODWHPDWWHU 30HPLVVLRQVDUHDOPRVW HOLPLQDWHG DQG WKHUH LV QRYLVLEOH VPRNH
GXULQJHQJLQHRSHUDWLRQDWJDVPRGH
7KHUHDUHWZRW\SHVRIIRXUVWURNHHQJLQHVGLIIHULQJLQWKHJDVLQMHFWLRQDWKH')HQJLQHVZKLFK
RSHUDWHDWORZJDVSUHVVXUHEDUZKHUHWKHJDVLVLQMHFWHGDWSRUWDQGPL[HVZLWKDLUGXULQJWKH
LQWDNHSKDVH:lUWVLOlDQGEWKHJDVGLHVHO*'HQJLQHVZKLFKRSHUDWHDWKLJKJDVSUHVVXUH
DURXQG  EDU ZKHUH WKH JDV LV GLUHFWO\ LQMHFWHG LQWR WKH F\OLQGHU GXULQJ WKH FRPEXVWLRQ SKDVH
%RWKFDWHJRULHVFDQDFKLHYHW\SLFDOEUDNHPHDQHIIHFWLYHSUHVVXUH%0(3RIDURXQGEDU7\SLFDO
H[DPSOH RI WKH ILUVW W\SH LV WKH :lUWVLOl ') FDWHJRU\ ZKHUHDV :lUWVLOl *' DQG *' DUH
FODVVLILHG XQGHU WKH VHFRQG W\SH -DUI 	 6XWNRZVNL  /LNHZLVH WKHUH DUH WZR W\SHV RI WZR
VWURNH')HQJLQHVFODVVLILHGE\WKHJDVLQMHFWLRQDQGFRPEXVWLRQSURFHVVHVFRQFHSWWKHILUVWRSHUDWHV
DWKLJKJDVIXHOSUHVVXUHDURXQGEDULQZKLFKWKHJDVIXHOLVLQMHFWHGGXULQJWKHFRPEXVWLRQ
SKDVH DQG LV EXUQW DFFRUGLQJ WR WKH GLIIXVLYH FRPEXVWLRQ FRQFHSW DV GHVFULEHG LQ 0$1 'LHVHO 	
7XUERZKHUHDVWKHVHFRQGRSHUDWHVLQORZJDVIXHOSUHVVXUHDURXQGEDULQZKLFKWKHJDV
IXHO LV LQMHFWHG LQWR WKH HQJLQH F\OLQGHU GXULQJ WKH FRPSUHVVLRQ SKDVH DQG EXUQW EDVHG RQ WKH
SUHPL[HGFRPEXVWLRQFRQFHSWDVH[SODLQHGLQ1\OXQGHWDO
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
3UHYLRXVUHVHDUFKHIIRUWVRQGXDOIXHOHQJLQHVDORQJZLWKDUHYLHZRIWKHRSHUDWLRQSULQFLSOHVDQG
SUDFWLFHV DUH UHSRUWHG LQ .DULP  7KH UHVHDUFK HIIRUWV UHSRUWHG LQ .ULVKQDQ HW DO 
&RUGLQHUHWDO.DYWDUDG]HHWDO6ULQLYDVDQHWDO9DVLOHY2]FDQHWDO
3DSDJLDQDNLVHWDO3LUNHUHWDO-DUYL$QGUH;XHWDO
$EDJQDOH HW DO  <RXVHIL HW DO  %R HW DO  /L  4LDQJ HW DO 
=KRQJVKXHWDO%DQFNHWDO&DPHUHWWLHWDO0RUL\RVKLHWDO6KLQVXNH
HWDO :DQJHWDO*HRUJHVFXHWDOPDLQO\GHDOWZLWK WKH LQYHVWLJDWLRQRIWKH
GXDOIXHOHQJLQHVHPLVVLRQFKDUDFWHULVWLFVWKHGHYHORSPHQWRIPHWKRGVIRULQFUHDVLQJWKH')HQJLQHV
HIILFLHQF\ WKHRSWLPLVDWLRQRI WKHSLORWIXHO LQMHFWLRQDQGJDV VXEVWLWXWLRQ UDWH WKHH[WHQVLRQRI WKH
RSHUDWLQJUDQJHRIJDVPRGHDQGDYRLGLQJNQRFNLQJ6LPXODWLRQWRROVRIYDULRXVFRPSOH[LWLHV'WR
'6LQJKHWDO0HUNHUHWDO&REOHHWDO5LW]NHHWDO7KHRWRNDWRV
HW DO  0DYUHORV HW DO  KDYH EHHQ XVHG IRU LQYHVWLJDWLQJ WKH ') HQJLQH VWHDG\ VWDWH
SHUIRUPDQFHDQGWUDQVLHQW UHVSRQVH;XHWDO 6KXRQDQHWDO)RUDQDO\VLQJPDULQH
HQJLQHV DQG VKLS SURSXOVLRQ V\VWHPV YDULRXV PRGHO W\SHV KDYH EHHQ DOVR XVHG DV GHVFULEHG LQ
%HQYHQXWRHWDO7KHRWRNDWRV	7]HOHSLV%DOGLHWDO&LFKRZLF]HWDO
DQG0L]\WKUDVHWDO+RZHYHUYHU\IHZVWXGLHVKDYHEHHQSXEOLVKHGIRFXVLQJRQPDULQH')
HQJLQHV LQYHVWLJDWLRQV 7KH FRQWURO GXULQJ IXHO PRGH WUDQVLWLRQ RI D PDULQH ') HQJLQH KDV EHHQ
UHSRUWHG LQ :DQJ HW DO  1\OXQG  %RHFNKRII HW DO  3RUWLQ  0RKU 	
%DXIHOG0RKDQGHWDO0HQJKDQHWDO:HLIHQJHWDODQG6L[HOHWDO
IRFXVHGRQH[SHULPHQWDOVWXGLHVRIPDULQH')HQJLQHVUHSRUWHGSURYLGLQJGHWDLOVRIWKHHQJLQH
VHWWLQJVDQGRSHUDWLRQZKHUHDVDFRPSXWDWLRQDOVWXG\RI')HQJLQHLQYHVWLJDWLQJWKHDOWHUQDWLYHVRI
WXUERFKDUJLQJV\VWHPFRPSUHVVLRQUDWLRDQGYDULDEOHYDOYH WLPLQJ LV UHSRUWHG LQ&KULVWHQ	%UDQG
ZKHUH WKH')HQJLQH FRPEXVWLRQZDVPRGHOOHGE\ FRQVLGHULQJ WKHJDV IXHORQO\ DVVXPLQJ
OLPLWHG FRQWULEXWLRQ RI WKH SLORW IXHO 6L[HO HW DO  FRPELQHG *73RZHU ZLWK D GHYHORSHG
FRPEXVWLRQPRGHODQGH[SHULPHQWV WR LQYHVWLJDWHDPDULQH')HQJLQHRSHUDWLQJZLWKHLWKHUQDWXUDO
JDVRUPHQKDQRO
,Q WKLV UHVSHFW WKHPDLQREMHFWLYHRI WKHSUHVHQWVWXG\ LV WR GHYHORSDPRGHO IRUD ODUJHPDULQH
GXDOIXHOHQJLQHRIWKHIRXUVWURNHW\SHFRQVLGHULQJWKHHQJLQHSURFHVVHVDQGV\VWHPV%DVHGRQWKLV
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 
WKH LQYHVWLJDWLRQRI WKHHQJLQHVWHDG\VWDWHSHUIRUPDQFHDQGH[KDXVWHPLVVLRQV LVFDUULHGRXWDW WKH
HQJLQH GLVFUHWH RSHUDWLQJ PRGHV GLHVHOJDV %\ DQDO\VLQJ WKH GHULYHG UHVXOWV WKH SURFHVVHV WKDW
DIIHFWWKHHQJLQHHIILFLHQF\DQGJDVHRXVHPLVVLRQVDUHUHYHDOHGHQDEOLQJWKHHODERUDWLRQRQSRVVLEOH
ZD\VWRLQFUHDVHWKHHQJLQHHIILFLHQF\DQGUHGXFHHPLVVLRQV ,QDGGLWLRQWKHWXUERFKDUJHUPDWFKLQJ
DORQJ ZLWK WKH ZDVWH JDWH VHWWLQJV DUH GLVFXVVHG DV GLIIHUHQW UHTXLUHPHQWV DUH LPSRVHG LQ HDFK
RSHUDWLQJPRGH)LQDOO\WKHRSWLPLVDWLRQRIWKHHQJLQHVHWWLQJVDWWKHJDVPRGHLVLQYHVWLJDWHGEDVHG
RQ DSDUDPHWULF VWXG\ UHVXOWV DQG WDNLQJ LQWR DFFRXQW WKH &2 DQG 12[ HPLVVLRQV UHGXFWLRQ DORQJ
ZLWKWKHHQJLQHRSHUDWLRQDOOLPLWDWLRQV
 (1*,1(02'(//,1*
 ,QYHVWLJDWHGHQJLQH
7KH :lUWVLOl HQJLQH /') ZDV XVHG IRU WKH SUHVHQW VWXG\ ZKLFK LV D IRXUVWURNH QRQ
UHYHUVLEOHWXUERFKDUJHGDQGLQWHUFRROHG')HQJLQH7KHHQJLQHFRQVLVWVRIQLQHF\OLQGHUVSODFHGLQ
OLQH7KLVW\SHRIHQJLQHLVZLGHO\XVHGGXHWRLWVKLJKSRZHURXWSXWDORQJZLWKLWVIXHOIOH[LELOLW\ORZ
HPLVVLRQ UDWHV KLJK HIILFLHQF\ DQG UHOLDELOLW\ 7KH HQJLQH GHWDLOV DUH UHSRUWHG LQ WKH PDQXIDFWXUHU
SURMHFWJXLGH:lUWVLOl7KHPDLQHQJLQHFKDUDFWHULVWLFVDUHLOOXVWUDWHGLQ7DEOH7KHHQJLQH
OD\RXWDQGFRPSRQHQWVDUHSUHVHQWHGLQ)LJXUH$VLWLVVKRZQDZDVWHJDWHLVXVHGWRE\SDVVDSDUW
RIWKHH[KDXVWJDVIURPWKHWXUERFKDUJHUWXUELQHLQRUGHUWRFRQWUROWKHHQJLQHF\OLQGHUV UDWLR
DWWKHJDVRSHUDWLQJPRGH(DFKHQJLQHF\OLQGHULQFOXGHVDPDLQIXHODQGDSLORWIXHOLQMHFWRU*DVLV
LQMHFWHGE\XVLQJVROHQRLGYDOYHVDWHDFKF\OLQGHULQOHWSRUWXSVWUHDPWKH LQWDNHYDOYHVGXULQJWKH
HQJLQHLQGXFWLRQSURFHVV
7KHHQJLQHRSHUDWLRQDWFRQVWDQWVSHHGRIUPLQZDVLQYHVWLJDWHGLQWKHSUHVHQWVWXG\(QJLQH
RSHUDWLRQXQGHU WKHVHFRQGLWLRQVFDQEHIRXQG LQHOHFWULFSURSXOVLRQV\VWHPVZKHUHHQJLQHHOHFWULF
JHQHUDWRUVHWVDUHXVHGIRUSURGXFLQJWKHVKLSUHTXLUHGHOHFWULFHQHUJ\ 
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
7DEOH(QJLQHPDLQFKDUDFWHULVWLFV
0&5SRZHU N: 
0&5VSHHG UPLQ 
%0(3DW0&5 EDU 
%6)&DW0&5'LHVHOPRGH JN:K 
%6(&DW0&5JDVPRGH N-N:K 
%RUH PP 
6WURNH PP 
1RRIF\OLQGHUV  
7XUERFKDUJHUXQLWV  

)LJXUH(QJLQHOD\RXW
 0RGHOVHWXSDQGFDOLEUDWLRQ
7KHVRIWZDUHXVHGLQWKHSUHVHQWZRUNLV*7,6(*73RZHU*DPPD7HFKQRORJLHVZKLFK
LVDZLGHO\XVHG'VLPXODWLRQSURJUDPIRUHQJLQHPRGHOOLQJDQGDQDO\VLV *7,6( LVFDSDEOHRI
WKURXJK D VRSKLVWLFDWHG VHW RI VROYHUV DQG DOJRULWKPV UHSUHVHQWLQJ WKH SK\VLFDO SURFHVVHV ZLWKLQ D
ZRUNLQJ HQJLQH WR VLPXODWH WKH VWHDG\ DQG WUDQVLHQW VWDWHV RSHUDWLRQ RI YDULRXV HQJLQH W\SHV 7KH
PDLQSULQFLSOHRIWKHVRIWZDUHLVEDVHGRQWKHDELOLW\RIWKHXVHUWREXLOGDQDFFXUDWHHQJLQHPRGHOLQ
WKH VRIWZDUH *8, EDVHG RQD EURDG UDQJH RI LWHPV DYDLODEOH LQ WKH VRIWZDUH OLEUDU\ 7KH VRIWZDUH
HPSOR\V ' JDV G\QDPLFV WR UHSUHVHQW WKH IORZ LQ SLSHV ZKHUHDV ' DSSURDFK ZDV XVHG IRU WKH
VLPXODWLRQRIHQJLQHF\OLQGHUV7KXVLWLVDEOHWRSUHGLFWWKHRSHUDWLQJSDUDPHWHUVRIWKHHQJLQHDQG
LWVFRPSRQHQWVLQFOXGLQJSUHVVXUHVPDVVIORZUDWHVDQGWHPSHUDWXUHV7KH*7,6(VRIWZDUHLVZLGHO\
FRQVLGHUHGDVRQHRI WKHOHDGLQJ WRROVIRU WKHVH W\SHRIHQJLQHVLPXODWLRQVGXHWRLWVFRPSXWDWLRQDO
FDSDELOLWLHVUHVXOWVDFFXUDF\DQGIDVWH[HFXWLRQWLPH,QDGGLWLRQWKHRIIHUHGFXVWRPLVDELOLW\DQGWKH
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 
FRYHUDJHRIDZLGH UDQJHRIDSSOLFDWLRQVZHUHFRQVLGHUHGDGYDQWDJHRXVFKDUDFWHULVWLFVIRUVHOHFWLQJ
WKH*7,6(VRIWZDUHLQWKHSUHVHQWVWXG\
7KHGDWD UHTXLUHG IRU WKHPRGHOOLQJ VWDJH DV LQSXWZDV DFTXLUHG IURP WKHSURGXFWJXLGHDQG WKH
PDQXIDFWXUHU HQJLQH ' PRGHO SUHVHQWHG LQ :lUWVLOl  ,QLWLDOO\ WKH PRGHO IRU RQHF\OLQGHU
EORFNZDVGHYHORSHGDQGYDOLGDWHG IRU WKHGLHVHOPRGHRSHUDWLRQ DQGVXEVHTXHQWO\ WKHPRGHOZDV
H[WHQGHG WR FRYHU WKH GXDO IXHO RSHUDWLRQ E\ DGGLQJ DQ DGGLWLRQDO LQMHFWRU IRU WKH QDWXUDO JDV
FRQQHFWHG WR WKH F\OLQGHU LQOHW SRUW 7KHQ WKH FRPSOHWH HQJLQH PRGHO LQFOXGLQJ WKH WXUERFKDUJHU
ZDVWHJDWHDQGDLUFRROHUZDVGHYHORSHGDVVKRZQLQ)LJXUH

)LJXUH(QJLQHPRGHOLQWKH*7,6(HQYLURQPHQW
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
7KHVWHSV UHTXLUHGWRVHWXS WKHHQJLQHPRGHODUHDVIROORZV ,QLWLDOO\ WKHFRPSRQHQWEORFNVDUH
VHOHFWHG ZKLFK VXIILFLHQWO\ UHSUHVHQW WKH HQJLQH OD\RXW DQG WKH DSSURSULDWH LQWHUFRQQHFWLRQV DUH
HVWDEOLVKHG7KHQWKHLQSXWGDWDRIDOOEORFNVDUHVHW3UHOLPLQDU\FDOLEUDWLRQRIWKHPRGHOFRQVWDQWVLV
SHUIRUPHG IRUD UHIHUHQFHSRLQW DQG VLPXODWLRQ UXQV DUH FDUULHG RXW)LQDOO\ WKH ILQH WXQLQJ RI WKH
PRGHOFRQVWDQWVLVDFFRPSOLVKHGVRWKDWWKHUHTXLUHGDFFXUDF\LVREWDLQHG
7KH LQSXW GDWD QHHGHG WR VHW XS WKH PRGHO LQFOXGHV WKH HQJLQH JHRPHWULF GDWD WKH LQWDNH DQG
H[KDXVWYDOYHVSURILOHVWKHFRPSUHVVRUDQGWXUELQHSHUIRUPDQFHPDSVWKHZDVWHJDWHJHRPHWULFDQG
FRQWUROGHWDLOVWKHFRQVWDQWVRIHQJLQHVXEPRGHOVFRPEXVWLRQKHDWWUDQVIHUDQGIULFWLRQWKHHQJLQH
RSHUDWLQJ SRLQW ORDGVSHHG DQG WKH DPELHQW FRQGLWLRQV ,QLWLDO FRQGLWLRQV DUH UHTXLUHG IRU WKH
WHPSHUDWXUH SUHVVXUH DQG FRPSRVLWLRQ RI WKH ZRUNLQJ PHGLXP FRQWDLQHG LQ WKH HQJLQH F\OLQGHUV
SLSHVDQGUHFHLYHUV
7KH:RVFKQLKHDWWUDQVIHUPRGHOLQLWLDOO\SUHVHQWHGLQ:RVFKQLDQGH[WHQVLYHO\HPSOR\HG
LQYDULRXVVWXGLHVDVGHVFULEHGLQ0HUNHUHWDOZDVXVHGWRFDOFXODWHWKHLQF\OLQGHUJDVWRZDOO
KHDW WUDQVIHU FRHIILFLHQW 7KH KHDW UHOHDVH UDWH ZDV VLPXODWHG DFFRUGLQJ WR VLQJOH :LHEH PRGHO
UHSRUWHGLQ0HUNHUHWDOIRUWKHHQJLQHGLHVHORSHUDWLQJPRGHZKLOVWLQ WKHFDVHRI WKHJDV
PRGHWKHPXOWL:LHEHPRGHOZDVXWLOLVHGE\LPSRVLQJWKUHHGLIIHUHQW:LHEHFXUYHVFRUUHVSRQGLQJWR
WKH SUHPL[HG FRPEXVWLRQ RI DSSUR[LPDWHO\ KDOI RI WKH SLORW IXHO WKH GLIIXVLYH FRPEXVWLRQ RI WKH
UHPDLQLQJSLORWIXHODQG WKHUDSLGEXUQLQJRI WKHJDVHRXVIXHODVZHOODV WKHWDLOFRPEXVWLRQRI WKH
F\OLQGHU UHVLGXDOV UHVSHFWLYHO\ ,Q WKLV UHVSHFW WKHFXPXODWLYH IXHOEXUQLQJUDWH IRU WKHJDVPRGH LV
FDOFXODWHGDFFRUGLQJWRWKHIROORZLQJHTXDWLRQ*DPPD7HFKQRORJLHV
   
ZKHUH))GHQRWHVWKHIUDFWLRQRIIXHOSHU:LHEH&XUYHLGHQRWHVWKH:LHEHIXQFWLRQDQG
WKHFUDQNDQJOHWKHVWF\OLQGHU7'&DWWKHFORVHGF\FOHFRUUHVSRQGVWRGHJUHHV&$
7KHLQMHFWLRQGHOD\ZDVHVWLPDWHGIRUWKHGLHVHOPRGHDFFRUGLQJWRWKH6LWNH\HTXDWLRQDVGHVFULEHG
LQ0HUNHUHWDOZKHUHDVWKHLJQLWLRQGHOD\IRUWKHJDVPRGHZDVDSSUR[LPDWHGE\XVLQJWKH
HTXDWLRQVDQGGDWDUHSRUWHGLQ&KULVWHQ	%UDQGDQG6L[HOHWDO
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 
)RUWKHVLPXODWLRQRIWKHGLHVHOPRGHRSHUDWLRQPDULQHJDVRLO0*2ZDVXVHGDVWKHFRQVLGHUHG
IXHOW\SHDORQJZLWKWKHLQMHFWLRQWLPLQJDQGLQMHFWHGIXHODPRXQWZKLFKZHUHSURYLGHGDVIXQFWLRQRI
WKHHQJLQHORDG)RUWKHJDVPRGHWKHDPRXQWRILQMHFWHGJDVHRXVIXHOSHUF\FOH1*ZDVFDOFXODWHG
E\FRQVLGHULQJWKHNQRZQJDVVSHFLILFHQHUJ\FRQVXPSWLRQDQGWKHIXHOORZHUKHDWLQJYDOXH7KHJDV
IXHOLVLQMHFWHGDWHDFKF\OLQGHULQWDNHSRUWXSVWUHDPWKHLQOHWYDOYHV7KHJDVLQMHFWLRQWDNHVSODFH
GXULQJWKHUHVSHFWLYHF\OLQGHULQGXFWLRQSURFHVVDIWHU WKHH[KDXVWYDOYHFORVLQJSRLQWVRWKDWDOOWKH
LQMHFWHG JDV LV LQGXFWHG LQWR WKH HQJLQH F\OLQGHUV 7KH JDV LQMHFWLRQ GXUDWLRQ IRU HDFK LQMHFWRU ZDV
FRQVLGHUHGWREHDIXQFWLRQRIHQJLQHORDGWDNLQJYDOXHVLQWKHUHJLRQIURPWRGHJUHHV&$IURP
ORZWRKLJKORDGV7KHHQJLQHYDOYHVWLPLQJZDVVHWDFFRUGLQJWRWKH0LOOHUWLPLQJFRQFHSWLQZKLFK
WKHLQWDNHYDOYHVRIHDFKF\OLQGHUFORVHEHIRUHERWWRPGHDGFHQWUH%'&7KLVUHGXFHVWKHUHTXLUHG
FRPSUHVVLRQ ZRUN DQG WKH FRPEXVWLRQ WHPSHUDWXUH UHVXOWLQJ LQ KLJKHU HQJLQH HIILFLHQF\ DQG ORZHU
12[HPLVVLRQVKRZHYHUKLJKERRVWSUHVVXUH DQGDV D UHVXOW FRPSUHVVRUSUHVVXUH UDWLRYDOXHV DUH
QHHGHG
)RU FDOFXODWLQJ 12[ HPLVVLRQV WKH =HOGRYLFK PRGHO ZDV XVHG ZKLFK ZDV FDOLEUDWHG RQO\ IRU
ORDGRSHUDWLRQDWGLHVHODQGJDVPRGHVDQGVXEVHTXHQWO\ZDVXVHGWRSUHGLFWWKH12[HPLVVLRQV
DW WKH RWKHU LQYHVWLJDWHG ORDGV $ WZR]RQH F\OLQGHU PRGHO ZDV HPSOR\HG FRQVLGHULQJ D ]RQH
FRQWDLQLQJWKHFRPEXVWLRQSURGXFWVDQGDQXQEXUQHGPL[WXUH]RQH7KHWHPSHUDWXUHRIWKHEXUQHGJDV
]RQHZDVXVHGIRUHVWLPDWLQJWKH12[HPLVVLRQV+RZHYHUDVWKHWHPSHUDWXUHVSDWLDOGLVWULEXWLRQZDV
QRW FDOFXODWHG E\ WKH WZR]RQH PRGHO WKH 12[ PRGHO LV RQO\ FDSDEOH RI LGHQWLI\LQJ WUHQGV DQG
WKHUHIRUHWKHGHULYHGUHVXOWVVKRXOGEHXVHGZLWKWKHQHFHVVDU\GLOLJHQFH
)LQDOO\WKHFRPSOHWHHQJLQHPRGHOZLWKWKHDLUFRROHUWKHWXUERFKDUJHUDQGZDVWHJDWHZDVEXLOW
IRU WKH GLHVHO DQG JDV PRGHV )RU WKH JDV RSHUDWLQJ PRGH WKH HQJLQH QHHGV WR RSHUDWH ZLWKLQ DQ
 HTXLYDOHQFH UDWLR LQ WKH UDQJH  WR  IRU DYRLGLQJ NQRFNLQJ DQG PLVILULQJ 7KLV ZDV
DFKLHYHG E\ FRQWUROOLQJ WKH ZDVWH JDWH YDOYH WR DFKLHYH D WDUJHW YDOXH IRU ERRVW SUHVVXUH IRU HDFK
HQJLQHORDG,Q*7,6(D3,FRQWUROOHUZDVXVHGWRDGMXVWWKHRSHQLQJRIWKHZDVWHJDWHYDOYH
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
 5(68/76$1'',6&866,21
7KH LQYHVWLJDWHG PDULQH ') HQJLQH VWHDG\ VWDWH RSHUDWLRQ DW ERWK GLHVHO DQG JDV PRGHV ZDV
H[DPLQHG E\ SHUIRUPLQJ VLPXODWLRQ UXQV LQ D ORDG UDQJH IURP  WR  DQG FRQVWDQW HQJLQH
VSHHGDWUPLQ$VHWRIWKHGHULYHGUHVXOWVLQFOXGLQJ WKHF\OLQGHUPD[LPXPSHDNSUHVVXUHWKH
LQGLFDWHG DQG EUDNH PHDQ HIIHFWLYH SUHVVXUHV WKH EUDNH VSHFLILF HQHUJ\ FRQVXPSWLRQ WKH EUDNH
HIILFLHQF\ WKH WXUERFKDUJHU VKDIW VSHHG WKHERRVWSUHVVXUH WKHH[KDXVWJDV WHPSHUDWXUHEHIRUHDQG
DIWHUWXUELQHDORQJZLWK WKHLUFRPSDULVRQ WRWKHUHVSHFWLYHDYDLODEOHHQJLQHPHDVXUHGGDWDIURPWKH
HQJLQH VKRS WULDOV LV SUHVHQWHG LQ )LJXUH 7KH SUHGLFWHG HQJLQH SDUDPHWHUV LQFOXGLQJ WKH DLU DQG
H[KDXVWJDVPDVVIORZUDWHVWKH HTXLYDOHQFHUDWLRWKHZDVWHJDWHRSHQLQJDQGWKHPD[LPXP
WHPSHUDWXUHRIWKHEXUQHG]RQHDVZHOODVVSHFLILF12[DQG&2HPLVVLRQVDUHLOOXVWUDWHGLQ)LJXUH
7KH QRUPDOLVHG F\OLQGHU SUHVVXUH GLDJUDPV IRU WKH  ORDG LV VKRZQ LQ )LJXUH ZKHUHDV WKH
FRPSUHVVRU RSHUDWLQJ SRLQWV VXSHULPSRVHG RQ WKH FRPSUHVVRU PDS DUH SUHVHQWHG LQ )LJXUH  7KH
SHUFHQWDJHHUURUVEHWZHHQWKHPHDVXUHGDQGSUHGLFWHGSDUDPHWHUVDUHUHSRUWHGLQ7DEOH
)URPWKHSORWVSUHVHQWHGLQ)LJXUHDQGWKHGDWDJLYHQLQ7DEOHLWLVGHULYHGWKDWWKHREWDLQHG
DFFXUDF\ZDVDGHTXDWHZLWKLQWKHUDQJHRIDSSUR[LPDWHO\7KHUHIRUHLWFDQEHFRQFOXGHGWKDW
WKHGHYHORSHGPRGHOFDQEHXVHGWRVXIILFLHQWO\UHSUHVHQWWKHHQJLQHVWHDG\VWDWHEHKDYLRXU
7DEOH3HUFHQWDJHHUURUEHWZHHQWKHPHDVXUHGDQGWKHSUHGLFWHGYDOXHV
'LHVHOPRGH
/RDG0&5 3E SPD[ 7&VSHHG (II
    
    
    
    
    
*DVPRGH
/RDG0&5 3E SPD[ 7&VSHHG (II
    
    
    
    
    
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 
7DEOH&RPEXVWLRQPRGHOSDUDPHWHUVIRUORDG
'LHVHOPRGH
)XHO P  62& )UDFWLRQ
0*2    
*DVPRGH
)XHO P  62& )UDFWLRQ
3UHPL[HGFRPEXVWLRQ    
0DLQFRPEXVWLRQ    
7DLOFRPEXVWLRQ    
:LHEHSDUDPHWHU D HTXDOVWRIRUDOOFXUYHV
7KHFRPEXVWLRQPRGHOVSDUDPHWHUVYDOXHVDVXVHGLQHTXDWLRQVDQGFDOLEUDWHGWRVLPXODWH
WKH GLHVHO DQG JDV PRGHV DW  ORDG DUH VXPPDULVHG LQ 7DEOH  %\ FRQVLGHULQJ WKH GHULYHG
SUHVVXUHGLDJUDPV)LJXUH LWFDQEH LQIHUUHG WKDW WKHGLHVHOPRGHFRPEXVWLRQVWDUWVFORVHUWRWKH
F\OLQGHU WRS GHDG FHQWUH 7'& ZKHUHDV LQ WKH FDVH RI WKH JDV PRGH WKH SLORW LQMHFWLRQ DQG
FRPEXVWLRQVWDUWVHDUOLHUWRDYRLGNQRFNLQJSUREOHPV7KHJDVPRGHRSHUDWLRQDOVRUHVXOWVLQDORQJHU
LJQLWLRQGHOD\GXHWRWKHQDWXUDOJDVSUHVHQFHLQWKHFRPEXVWLRQFKDPEHUDVLWLVDOVRUHSRUWHGLQ/LX
	.DULP&KULVWHQ	%UDQGDQG6L[HOHWDO7KHSHDNKHDWUHOHDVHUDWHRI WKH
GXDOIXHOFRPEXVWLRQ LVVOLJKWO\KLJKHUDQG WKHPDLQFRPEXVWLRQHQGVHDUOLHU WKDQ WKDWDW WKHGLHVHO
PRGH +RZHYHU ORZHU PD[LPXP SUHVVXUH OHYHO LV REVHUYHG LQ WKH FDVH RI WKHJDV PRGH ZKLFK LV
DWWULEXWHGWRWKHHQJLQHWXUERFKDUJHURSHUDWLRQDWORZHUVSHHGGXHWRWKHZDVWHJDWHYDOYHRSHQLQJ$V
WKHERRVWSUHVVXUHLVORZHULQWKHFDVHRIWKHJDVPRGHWKHF\OLQGHUSUHVVXUHGXULQJWKHFRPSUHVVLRQ
SURFHVVLVDOVRORZHUKRZHYHUGXHWRWKHDGYDQFHGVWDUWRIFRPEXVWLRQDQGWKHVKRUWHUFRPEXVWLRQ
GXUDWLRQ WKH ORZHU PD[LPXP SUHVVXUH DQG WKH UHVXOWDQW ORZHU IULFWLRQ WKH HQJLQH EUDNH SRZHU LV
UHWDLQHGDWWKHVDPHOHYHODVLQWKHGLHVHOPRGH
7KHUHIRUHLQWHUPVRIWKHHQJLQHSRZHURXWSXWDQGPHDQHIIHFWLYHSUHVVXUHVEHKDYLRXULWFDQEH
REVHUYHG WKDW VLPLODU YDOXHV ZHUH REWDLQHG LQ HDFK RSHUDWLQJ PRGH WKH LQGLFDWHG PHDQ HIIHFWLYH
SUHVVXUH RI WKH GLHVHO PRGH VHHPV WR EH RQO\ VOLJKWO\ JUHDWHU KRZHYHU WKH EUDNH PHDQ HIIHFWLYH
SUHVVXUHVLQERWKPRGHVDUHH[DFWO\WKHVDPHDVWKHGLIIHUHQFHLVFRPSHQVDWHGE\WKHVOLJKWO\KLJKHU
IULFWLRQPHDQHIIHFWLYHSUHVVXUHGXHWRWKHJUHDWHUPD[LPXPSUHVVXUHRIWKHGLHVHOPRGH
,QWHUPVRIWKH HTXLYDOHQFH IURP)LJXUHWKDWLQWKHJDVPRGHWKH
HQJLQHRSHUDWHV ZLWKYDOXHVEHWZHHQDQGZDVREVHUYHGDWWKH
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
ORZ ORDGV ZKLOVW  ZDV REWDLQHG DW PHGLXP DQG KLJK ORDGV )RU WKH GLHVHO PRGH WKH REWDLQHG
VOLJKWO\ KLJKHU LQ WKH UDQJH IURP  WR  ZKLFK PHDQV WKDW PRUH DLU SDVVHV
WKURXJKWKHHQJLQHF\OLQGHUV)RUWKHJDVRSHUDWLRQWKHZDVWHJDWHRSHQLQJDIIHFWVDFWXDOO\UHGXFHV
WKHWXUERFKDUJHUVSHHGZKLFKLQWXUQFRQWUROVWKHERRVWSUHVVXUHDQGDVDUHVXOWWKHHQJLQHDLUIORZ
7KHREWDLQHGZDVWHJDWHRSHQLQJYDOXHVZHUHHVWLPDWHGLQWKHUDQJHIURPWRRIWKH
ZDVWHJDWHFURVVVHFWLRQDODUHDGHSHQGLQJRQWKHHQJLQHORDG
$VLWFDQEHVHHQLQ)LJXUHWXUERFKDUJHUVSHHGSORWILJXUHPDVVIORZUDWHVSORWDQGILJXUH
FRPSUHVVRUPDS WKH WXUERFKDUJHUVSHHGSUHVVXUH UDWLRDQGIORZUDWHDUHFRQVLGHUDEO\ UHGXFHG LQ
WKHJDVPRGHZKHQWKHHQJLQHRSHUDWHVDWKLJKORDGV6PDOOHUUHGXFWLRQVFDQEHREVHUYHGDWWKHORZHU
ORDGVDQG7KLVGHQRWHVWKDWWKHWXUERFKDUJHUPDWFKLQJQHHGVVSHFLDODWWHQWLRQIRUD')
HQJLQH FRPSDUHG WR WKH UHVSHFWLYH SURFHVV IRU GLHVHO RU JDV HQJLQHV DV LQ WKH IRUPHU FDVH WKH
UHTXLUHPHQWVIRUWKHWZRGLVFUHWHPRGHVQHHGWREHVDWLVILHG(VSHFLDOO\IRUWKHFRPSUHVVRUVHOHFWLRQ
DQXPEHURISDUDPHWHUVXVXDOO\FRQWUDGLFWRU\KDYHWREHFRQVLGHUHGLQFOXGLQJWDUJHWLQJRSHUDWLRQLQ
WKH KLJK HIILFLHQF\ DUHD DQG SURYLGLQJ DGHTXDWH PDUJLQV WR DYRLG WKH FRPSUHVVRU VXUJLQJ DQG WKH
WXUERFKDUJHURYHUVSHHG
,QWHUPVRIWKHHQJLQHHIILFLHQF\DWWKHWZRRSHUDWLQJPRGHVLWFDQEHREVHUYHGWKDWWKHJDVPRGH
LVPRUHHIILFLHQWDWWKHKLJKORDGVUHJLRQREWDLQLQJYDOXHVXSWRDWORDG:KHQRSHUDWLQJLQ
WKHGLHVHOPRGHWKHHQJLQHREWDLQVLWVKLJKHVWHIILFLHQF\DWORDGZKHUHDVWKHHQJLQHHIILFLHQF\
RQO\VOLJKWO\YDULHVLQWKHORDGUHJLRQIURPWR)RUWKHJDVPRGHWKHHIILFLHQF\GHFUHDVHV
DWDVWHHSHUJUDGLHQWDVWKHORDGGHFUHDVHVUHDFKLQJLWV ORZHVWYDOXHDWORDGWKHHQJLQHREWDLQV
PXFK KLJKHU HIILFLHQF\ DW  ORDG ZKHQ RSHUDWLQJ DW WKH GLHVHO PRGH 7KLV LV DWWULEXWHG WR WKH
VSHFLILFFKDUDFWHULVWLFVRIGLHVHODQGJDVRSHUDWLQJPRGHVDVZHOODVWRWKHRSHQLQJRIWKHZDVWHJDWH
YDOYH WKDW UHVXOWV LQ ORZHU WXUERFKDUJHU VSHHG DQG SUHVVXUH OHYHOV IRU WKH JDV PRGH 6LPLODU
FRQFOXVLRQV FDQ EH GHULYHG E\ DQDO\VLQJ WKH EUDNH VSHFLILF HQHUJ\ FRQVXPSWLRQ ZKLFK LV WKH
UHFLSURFDORIHQJLQHEUDNHHIILFLHQF\7KHHQHUJ\SURYLGHGE\WKHSLORWGLHVHOIXHODFFRXQWVIRU
WRRIWKHWRWDOO\VXSSOLHGIXHOHQHUJ\WKHYDOXHVLQFUHDVHZLWKGHFUHDVLQJORDG
&RQVLGHULQJWKHFDOFXODWHG12[DQG&2HPLVVLRQVVKRZQLQ)LJXUHWKHIROORZLQJUHPDUNVFDQ
EH QRWHG 7KH VSHFLILF 12[ HPLVVLRQV DUH ORZHU IRU WKH FDVH RI WKH JDV PRGH RSHUDWLRQ WKH 12[
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 
HPLVVLRQVIRUWKHGLHVHOPRGHFRPSO\ZLWK7LHU,,OLPLWVZKHUHDVWKH7LHU,,,OLPLWUHTXLUHPHQWVDUH
VDWLVILHGIRU WKHJDVPRGH ,QDGGLWLRQ WKH ORZHU VSHFLILF12[HPLVVLRQVYDOXH LVREWDLQHGDW
ORDGZKLOVWKLJKHUYDOXHVRIWKHVSHFLILF12[HPLVVLRQVDUHREWDLQHGDWORZHUDQGKLJKHUORDGV,QWKH
FDVHRI')RSHUDWLRQ12[HPLVVLRQVVOLJKWO\UHGXFHDWORZHUORDGVGXHWRWKHSUHPL[HGFRPEXVWLRQ
RIQDWXUDOJDVDWJUHDWHUYDOXHVRI UDWLR
7KH12[GLIIHUHQFHVEHWZHHQWKHHQJLQHRSHUDWLQJPRGHVFDQEHH[SODLQHGE\FRQVLGHULQJWKHLQ
F\OLQGHUEXUQW]RQHWHPSHUDWXUHSORWV)LJXUH LQFRQMXQFWLRQZLWK WKHF\OLQGHUSUHVVXUHGLDJUDPV
)LJXUHDQGPD[LPXPF\OLQGHUSUHVVXUH)LJXUH$VLWFDQEHLQIHUUHGIURPWKHVHILJXUHVDWWKH
GLHVHOPRGHWKHFRPEXVWLRQRFFXUVDWJUHDWHUSUHVVXUHOHYHOVDQGWKHPD[LPXPWHPSHUDWXUHYDOXHVRI
WKHEXUQW]RQHDUHJUHDWHUWKDQWKHUHVSHFWLYHYDOXHVREWDLQHGIRUWKHJDVPRGHWKHUHIRUHKLJKHU12[
HPLVVLRQVDUHSURGXFHG2QDYHUDJHDUHGXFWLRQRILQ12[HPLVVLRQVLVREWDLQHGZKHQFKDQJLQJ
WKHRSHUDWLQJPRGHIURPGLHVHOWRJDV
7KH&2HPLVVLRQVRIWKHJDVPRGHDUHDOVRUHGXFHGE\LQDYHUDJHGXHWRWKHORZHUFDUERQ
WRK\GURJHQUDWLRRIWKHQDWXUDOJDVFRPSDUHGWRWKHUHVSHFWLYHRQHRIGLHVHOIXHO/DUJHUUHGXFWLRQLV
REWDLQHGDW WKHKLJK ORDGV UHJLRQZKHUH WKH HIILFLHQF\GLIIHUHQFHEHWZHHQ WKH JDVPRGHDQGGLHVHO
PRGHLVJUHDWHU,QVXPPDU\LWFDQEHFRQFOXGHGWKDWWKHHQJLQHHQYLURQPHQWDOLPSDFWLVPXFKORZHU
ZKHQWKHHQJLQHRSHUDWHVDWWKHJDVPRGH
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)LJXUH6LPXODWLRQUHVXOWVDQGFRPSDULVRQZLWKDYDLODEOHH[SHULPHQWDOGDWD7KHWHPSHUDWXUHSORWVZHUH
QRUPDOLVHGE\XVLQJWKHYDOXHVLQ.WKHSUHVVXUHSORWVZHUHQRUPDOLVHGE\XVLQJWKHSUHVVXUHDEVROXWHYDOXHV
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)LJXUH3UHGLFWHGVLPXODWLRQUHVXOWV

)LJXUH3UHVVXUHGLDJUDPVDQGKHDWUHOHDVHUDWHVIRUGLHVHODQGGXDOIXHORSHUDWLRQDWORDG
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)LJXUH&RPSUHVVRURSHUDWLQJSRLQWVVXSHULPSRVHGRQWKHFRPSUHVVRUPDSIRUGLHVHODQGGXDOIXHORSHUDWLQJ
PRGHV
+DYLQJFRPSOHWHGWKHHQJLQHPRGHOVHWXSDQGWKHVLPXODWLRQRIGLHVHODQG')RSHUDWLQJPRGHVD
SDUDPHWULF VWXG\ ZDV SHUIRUPHG IRU RSWLPLVLQJ WKH ') HQJLQH VHWWLQJV DLPLQJ WR D VLPXOWDQHRXV
UHGXFWLRQRIWKH&2DQG12[HPLVVLRQV,WPXVWEHQRWHGWKDWWKH&2HPLVVLRQVDUHSURSRUWLRQDOWR
WKHHQJLQHVSHFLILFHQHUJ\FRQVXPSWLRQDQGWKHUHIRUHDGHFUHDVHRI&2HPLVVLRQVFRUUHVSRQGWRD
UHGXFWLRQ RI%6(& DQG DQ LQFUHDVHRI WKH HQJLQH EUDNH HIILFLHQF\7KH IROORZLQJSDUDPHWHUV ZHUH
FRQVLGHUHGSLORWIXHOLQMHFWLRQWLPLQJDQGGHJUHHV&$IURPWKHUHIHUHQFHYDOXHLQOHWPDQLIROG
ERRVWSUHVVXUHDQGIURPWKHLUUHIHUHQFHYDOXHDQGLQOHWYDOYHFORVLQJDQGGHJUHHV
&$IURPWKHUHIHUHQFHYDOXH7KHUHVXOWVGHULYHGIRUORDGDORQJZLWKWKHUHIHUHQFHSRLQWVWDNHQ
IURPWKHSUHYLRXVO\SUHVHQWHGVLPXODWLRQUHVXOWVDUHLOOXVWUDWHG LQ)LJXUH ,WFDQEH LQIHUUHGIURP
)LJXUHWKDWWKHVLPXOWDQHRXVUHGXFWLRQRI&2DQG12[FDQEHREWDLQHGE\RSHUDWLQJWKHHQJLQHLQ
KLJKHU YDOXHV RI  HTXLYDOHQFH UDWLR +RZHYHU WKH FRQVLGHUHG SHUPLVVLEOH ODPEGD ZLQGRZ
IURPWRWRDYRLGNQRFNLQJDQGPLVILULQJUHVSHFWLYHO\UHVXOWHGLQWKHH[FOXVLRQRIDQXPEHU
RIWKHSHUIRUPHGSDUDPHWULFUXQVSRLQWV7KHXVHGVWDUWRILQMHFWLRQDWWKHUHIHUHQFHSRLQWSURYLGHVD
FRPSURPLVH EHWZHHQ WKH &2 DQG WKH 12[ HPLVVLRQV 5HWDUGLQJ WKH LQMHFWLRQ UHVXOWV LQ LQFUHDVHG
&2HPLVVLRQVDQGUHGXFHG12[HPLVVLRQVDQGYLFHYHUVD7KHUHIRUHWKHUHIHUHQFHYDOXHIRUWKHVWDUW
RILQMHFWLRQZDVRQO\FRQVLGHUHGIRUWKHSDUDPHWULFUXQVIRUDQGORDGVSUHVHQWHGEHORZ$V
LQGLFDWHG LQ WKHERWWRPSORWVRI)LJXUH WKH HQJLQHRSHUDWLRQZLWK LQFUHDVHG  HTXLYDOHQFH
UDWLRYDOXHVFDQEHDFKLHYHGHLWKHUE\LQFUHDVLQJWKHERRVWSUHVVXUHE\FORVLQJWKHZDVWHJDWHYDOYH
WKDW UHVXOWV LQ KLJKHU H[KDXVW JDV PDVV IORZ WKURXJK WKH WXUELQH DQG WKHUHIRUH LQFUHDVLQJ WKH
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 
WXUERFKDUJHUVSHHGRUUHWDUGLQJWKHLQOHWYDOYHFORVLQJWKDWUHVXOWVLQPRUHDLU WUDSSHGLQWKHHQJLQH
F\OLQGHU$JUHDWHUUHGXFWLRQSRWHQWLDOIRUERWK&2DQG12[HPLVVLRQVLVREWDLQHGE\LQFUHDVLQJWKH
ERRVWSUHVVXUHDVVKRZQLQWKHULJKWPLGGOHSORWRI)LJXUH7KHWUDGHRIIEHWZHHQWKH&2DQGWKH
12[HPLVVLRQVDVZHOODVZLWKWKHGHULYHG HTXLYDOHQFHUDWLRYDOXHVDUHSUHVHQWHGLQ)LJXUH
%\H[FOXGLQJWKHSRLQWVRXWVLGH WKHFRQVLGHUHG ODPEGDZLQGRZDVZHOODV WKHSRLQWVZLWK&2DQG
12[ HPLVVLRQV KLJKHU WKDQ WKH UHVSHFWLYH UHIHUHQFH YDOXHV D OLPLWHG QXPEHU RI SRLQWV FDQ EH
LGHQWLILHGIRUDSRWHQWLDOHQJLQHRSWLPLVDWLRQ7KHRSWLPLVHGSRLQWFDQEHWKHQVHOHFWHGEDVHGRQWKH
SUHIHUUHGRSWLPLVDWLRQFULWHULD,Q7DEOHWKHRSWLPLVHGSRLQWVDUHSURYLGHGIRUWKHIROORZLQJFDVHV
DPD[LPXPVLPXOWDQHRXVUHGXFWLRQRIWKH&2DQG12[HPLVVLRQVDQGEPD[LPXP&2HPLVVLRQV
UHGXFWLRQDQG12[HPLVVLRQVHTXDORUOHVVWKDQWKHUHVSHFWLYHUHIHUHQFHSRLQWYDOXH)RUWKHIRUPHU
SRLQW1RLVWKHRSWLPLVHGSRLQWZLWKJUHDWHUERRVWSUHVVXUHR&$LQOHWYDOYHFORVLQJUHWDUGDQG
QRFKDQJHLQWKHSLORWLQMHFWLRQVWDUWZKLFKUHVXOWV LQUHGXFWLRQVE\DQGLQWKH&2DQG
12[HPLVVLRQVUHVSHFWLYHO\DQGDQ HTXLYDOHQFHUDWLRYDOXHHTXDOWR3RLQW1RKDYLQJ
DQDGGLWLRQDOSLORWLQMHFWLRQVWDUWDGYDQFHRIR&$FRPSDUHGWRSRLQW1RUHVXOWVLQVOLJKWO\JUHDWHU
HTXLYDOHQFHUDWLR DQGUHGXFWLRQVE\DQGRI WKH&2DQG12[HPLVVLRQV
UHVSHFWLYHO\,I ORZHUODPEGDYDOXHVDUHQHHGHGSRLQW1RFDQEHFRQVLGHUHGZLWKLQFUHDVHGERRVW
SUHVVXUHE\FRPSDUHGWRWKHUHIHUHQFHSRLQWUHVXOWLQJLQODPEGDHTXDOWRDQGUHGXFWLRQVE\
DQGLQWKH&2DQG12[HPLVVLRQVUHVSHFWLYHO\
)URP WKH UHVXOWV SUHVHQWHG LQ )LJXUH  DQG 7DEOH  WKH VORSHV RI WKH UHVSHFWLYH FXUYHV WKH
UHODWLYHVLJQLILFDQFHRI WKH WKUHHSDUDPHWHUVXVHG LQ WKHSDUDPHWULFUXQVFDQEHLGHQWLILHG7KH LQOHW
PDQLIROGERRVWSUHVVXUHFDQEHFKDUDFWHULVHGDVWKHPDLQHQJLQHSDUDPHWHUIRUUHGXFLQJERWK12[DQG
&2HPLVVLRQVZKLOVWWKHLQOHWYDOYHFORVLQJFDQEHFRQVLGHUHGRIORZHUVLJQLILFDQFH7KHSLORWIXHO
LQMHFWLRQ WLPLQJ LV DOVR D SDUDPHWHU WKDW FRQVLGHUDEO\ DIIHFWV WKH HPLVVLRQV DV VKRZQ LQ )LJXUH 
KRZHYHU LW H[KLELWV D FRQWUDGLFWRU\ LQIOXHQFH RQ WKH &2 DQG 12[ HPLVVLRQV DV ZKHQ WKH RQH
LQFUHDVHVWKHRWKHUGHFUHDVHVDQGYLFHYHUVD
)XUWKHUPRUHDGGLWLRQDOSDUDPHWULFUXQVZHUHSHUIRUPHGIRUDQGORDGVFRQVLGHULQJWKH
UHIHUHQFHSRLQWSLORWVWDUWRILQMHFWLRQDQGYDU\LQJWKHERRVWSUHVVXUHDQGWKHLQOHWYDOYHFORVLQJ7KH
GHULYHG &212[ HPLVVLRQV WUDGHRII DQG WKH  HTXLYDOHQFH UDWLR YDOXHV DUH SUHVHQWHG LQ
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)LJXUH7KHSHUPLVVLEOH HTXLYDOHQFHUDWLRZLQGRZIRUWKHFDVHRIORDGZDVFRQVLGHUHG
WREHZLGHU WKDQ WKHRQHRI WKH ORDGFDVHIURP WRYHUVXV WR UHVSHFWLYHO\DV
LQGLFDWHGLQ:lUWVLOl7KHJUHHQPDUNVUHSUHVHQWSRLQWVZLWKWKHVDPHVHWWLQJVDVWKHSRLQWV
DQGDWORDG$V LWFDQEH LQIHUUHGIURPWKHDQDO\VLVRI)LJXUHUHVXOWVWKHUH LVSRWHQWLDO IRU
VLPXOWDQHRXVO\UHGXFLQJWKH&2DQG12[HPLVVLRQV$JUHDWHUUHGXFWLRQFDQEHREWDLQHGLQWKH12[
HPLVVLRQV  DQG  DW  ORDG  DQG  DW  ORDG ZKHUHDV WKH &2 HPLVVLRQV
UHGXFWLRQLVLQWKHUDQJHRIWR+RZHYHUWKHUHVXOWLQJODPEGDYDOXHVDUHFRQVLGHUDEO\KLJK
DQGDWORDGZKHUHDVWKHUHVSHFWLYHYDOXHVDUHDQGDWORDG7KHUHIRUH
DERRVWSUHVVXUHLQFUHDVHOHVVWKDQPLJKWEHXVHGIRUWKHRWKHUORDGSRLQWVWRDYRLGPLVILULQJWKXV
UHVXOWLQJLQORZHUHPLVVLRQVUHGXFWLRQ
$QRWKHU LPSRUWDQW SDUDPHWHU WKDW QHHGV WR EH FRQVLGHUHG LQ WKH HQJLQH RSWLPLVDWLRQ VWXG\ LV WKH
XQEXUQW K\GURFDUERQ HPLVVLRQV DQG LQ VSHFLILF WKHPHWKDQH VOLS IRU WKH ') HQJLQHV 7KLV ZDV QRW
FRQVLGHUHGLQWKLVVWXG\DVWKH'PRGHOVFDQQRWSURYLGHDFFXUDWHUHVXOWVIRUWKH+&HPLVVLRQVZKLFK
DSDUW IURP WKH WKHUPRG\QDPLF DQG WKHUPRFKHPLVWU\ SDUDPHWHUV DUH JUHDWO\ LQIOXHQFHG E\ WKH
FRPEXVWLRQ FKDPEHU GHVLJQ +RZHYHU WKH SDUDPHWULF LQYHVWLJDWLRQ VWXG\ SUHVHQWHG KHUHLQ LV TXLWH
XVHIXOLQWKHSUHOLPLQDU\VWDJHRIWKHHQJLQHGHVLJQSURFHVVDVLWSURYLGHVLQVLJKWLQIRUPDWLRQIRUWKH
HQJLQHSHUIRUPDQFHDQGHPLVVLRQSDUDPHWHUVWUDGHRIIV
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)LJXUH3DUDPHWULFVWXG\UHVXOWVIRU')HQJLQHRSHUDWLRQDWORDG
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)LJXUH3DUDPHWULFVWXG\UHVXOWVIRU')HQJLQHRSHUDWLRQDWORDGVKRZLQJSRWHQWLDOIRU&2DQG12[
HPLVVLRQVUHGXFWLRQ
)LJXUH3DUDPHWULFVWXG\UHVXOWVIRU')HQJLQHRSHUDWLRQDWDQGORDG
7DEOH2SWLPLVHGSRLQWVIURPSDUDPHWULFUXQV
/RDG 1R  SUHVVXUH ,QMHFWLRQWLPLQJ
/DPGD 12[ &2  
  &$  &$  JN:K JN:K  
                 

        
        
        
                 
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 &21&/86,216
,Q WKH SUHVHQW VWXG\ D PDULQH IRXUVWURNH GXDO IXHO HQJLQH ZDV LQYHVWLJDWHG E\ XVLQJ *7,6(
VRIWZDUH LQERWKGLHVHODQG JDVPRGHRSHUDWLRQ7KHHQJLQHSHUIRUPDQFHDQGHPLVVLRQVSDUDPHWHUV
IRUERWKPRGHVZHUHFRPSDUHGDQGGLVFXVVHG3DUDPHWULFUXQVZHUHSHUIRUPHGDQGWKHUHVXOWVZHUH
XVHGIRUGHULYLQJWKHHQJLQHVHWWLQJWKDWSURYLGHDVLPXOWDQHRXVUHGXFWLRQRI&2DQG12[HPLVVLRQV
FRQVLGHULQJ WKH HQJLQH RSHUDWLQJ OLPLWDWLRQV 7KH PDLQ ILQGLQJV RI WKH FRQGXFWHG UHVHDUFK DUH
VXPPDULVHGDVIROORZV
 7KHGHYHORSHGPRGHOFDQSUHGLFWZLWKDGHTXDWHDFFXUDF\WKHHQJLQHSHUIRUPDQFHDQGHPLVVLRQV
SDUDPHWHUVERWKIRUWKHGLHVHODQG')RSHUDWLRQDQGFDQEHXVHGLQWKHSUHOLPLQDU\VWDJHRIWKHHQJLQH
GHVLJQSURFHVVIRURSWLPLVLQJWKHHQJLQHVHWWLQJV
 7KHHQJLQHLQWKHJDVPRGHRSHUDWHVZLWKDOPRVWFRQVWDQW HTXLYDOHQFHUDWLRLQDQDUURZ
ZLQGRZIURPWRZKHUHDVVOLJKWO\KLJKHUYDOXHVRIWKH HTXLYDOHQFHUDWLRDUHXVHGIRU
WKH GLHVHOPRGH FRUUHVSRQGLQJ WR JUHDWHU DLU IORZ UDWHV7KLV LV REWDLQHG E\ FRQWUROOLQJ ZDVWH JDWH
YDOYHRSHQLQJIRUJDV PRGH WRDGMXVW WKHHQJLQHDLU IORZDQG WKHUHIRUH WKH  UDWLR6SHFLDO
DWWHQWLRQPXVWEHSDLGGXULQJWKHWXUERFKDUJHUPDWFKLQJSURFHVVDVWKHUHDUHGLIIHUHQWUHTXLUHPHQWVLQ
HDFK RSHUDWLQJ PRGH LQFOXGLQJ DYRLGDQFH RI WXUERFKDUJHU RYHUVSHHG SURYLGLQJ DQ DGHTXDWH
FRPSUHVVRUVXUJHPDUJLQDQGRSHUDWLQJWKHFRPSUHVVRUZLWKLQLWVKLJKHIILFLHQF\DUHD
 ,QWKHJDVPRGHWKHHQJLQHRSHUDWHVDWORZHUUHFHLYHUVDQGLQF\OLQGHUSUHVVXUHOHYHO+RZHYHU
WKH PHDQ HIIHFWLYH SUHVVXUH DQG SRZHU RXWSXW LV NHSW DW WKH GLHVHO PRGH OHYHOV GXH WR WKH VKRUWHU
FRPEXVWLRQGXUDWLRQDQGWKHHDUOLHUVWDUWRIFRPEXVWLRQ
 7KHJDVPRGHLVPRUHHIILFLHQWWKDQGLHVHOPRGHDWWKHKLJKORDGUHJLRQKRZHYHUOHVVHIILFLHQW
RSHUDWLRQZDVREVHUYHGDWWKHORZHUORDGUHJLRQ
 7KH12[HPLVVLRQVUHGXFHGE\LQDYHUDJHLQWKHJDVPRGHFRPSDUHGZLWKWKHGLHVHOPRGH
7KH GLHVHO PRGH FRPSOLHV ZLWK WKH7LHU ,, OLPLWV ZKHUHDV7LHU ,,, OLPLWV DUHPHW ZKHQ WKH HQJLQH
RSHUDWHGLQWKHJDVPRGH
 ,QFUHDVLQJ WKHHQJLQH ERRVWSUHVVXUHDQGRU UHWDUGLQJ WKH0LOOHU WLPLQJ LQOHWYDOYHFORVLQJFDQ
UHVXOWLQ12[DQG&2HPLVVLRQVUHGXFWLRQ
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 &RPSDUHGWRWKHUHIHUHQFHSRLQWVHWWLQJVWKHHQJLQH12[DQG&2HPLVVLRQVFDQEHUHGXFHGXS
WRDQG UHVSHFWLYHO\E\ LQFUHDVLQJ WKH LQOHW ERRVWSUHVVXUHE\DQGRUE\ UHWDUGLQJ WKH
0LOOHU WLPLQJ LQOHWYDOYHFORVLQJE\GHJUHHV&$+RZHYHU OLPLWDWLRQVDSSO\GXH WR UDWLR
RSHUDWLRQZLQGRZDQGWKHSRWHQWLDOK\GURFDUERQHPLVVLRQVPHWKDQHVOLSLQFUHDVH
 7KHGHULYHGUHVXOWVYHULI\WKDWWKH&2HPLVVLRQVLQWKHJDVPRGHUHGXFHGDSSUR[LPDWHO\LQ
DYHUDJHGXH WRWKHQDWXUDOJDV ORZFDUERQWRK\GURJHQUDWLR/DUJHUUHGXFWLRQLVREWDLQHGZKHQ WKH
HQJLQHRSHUDWHVDWWKHKLJKORDGUHJLRQZKHUHWKHHIILFLHQF\LVJUHDWHUWKDQWKDWRIWKHGLHVHOPRGH
,QFRQFOXVLRQLWFDQEHVWDWHGWKDWWKHXWLOLVDWLRQRIQDWXUDOJDVZKLFKFDQEHVWRUHGDQGKDQGOHGLQ
OLTXHILHGSKDVH/1*FDQSURYLGHDQDWWUDFWLYHDQGHQYLURQPHQWDOO\IULHQGO\DOWHUQDWLYHWKDWVKRXOG
EHFRQVLGHUHGDQGDGRSWHG LQ WKHIXWXUHVKLSGHVLJQV7KHREWDLQHGUHVXOWVFDQEHXVHGDVJXLGDQFH
GXULQJ WKHGHVLJQSURFHVVRI WKHGXDO IXHO HQJLQHVRUZKHQGHVLJQLQJDYHVVHOHQHUJ\ PDQDJHPHQW
V\VWHP 
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120(1&/$785(
(II %UDNHHIILFLHQF\
)) )XHOIUDFWLRQSHU:LHEH&XUYH
3E %UDNHSRZHUN:
SPD[ 0D[LPXPF\OLQGHUSUHVVXUHEDU
[E P %XUQLQJUDWHDVDIXQFWLRQRIFUDQNDQJOH
 ,QOHWYDOYHFORVLQJGLIIHUHQFH
 &RPEXVWLRQGXUDWLRQGHJ&$
 &UDQNDQJOH 7'&
 HTXLYDOHQFHUDWLR
 1RUPDOLVHGWLPHXVHGLQ:LHEHIXQFWLRQ
$%%5(9,$7,216
' =HURGLPHQVLRQDO
' 2QHGLPHQVLRQDO
' 7KUHHGLPHQVLRQDO
%0(3 %UDNH0HDQ(IIHFWLYH3UHVVXUH
%6(& %UDNH6SHFLILF(QHUJ\&RQVXPSWLRQ
%6)& %UDNH6SHFLILF)XHO&RQVXPSWLRQ
&$ FUDQNDQJOH
&2 &DUERQ0RQR[LGH
&2 &DUERQ'LR[LGH
') 'XDO)XHO
(&$ (PLVVLRQ&RQWURO$UHD
(&8 (QJLQH&RQWURO8QLW
((', (QHUJ\(IILFLHQF\'HVLJQ,QGH[
((2, (QHUJ\(IILFLHQF\2SHUDWLRQDO,QGLFDWRU
+& +\GURFDUERQV
+)2 +HDY\)XHO2LO
,02 ,QWHUQDWLRQDO0DULWLPH2UJDQL]DWLRQ
/1* /LTXHILHG1DWXUDO*DV
0$532/ ,QWHUQDWLRQDO&RQYHQWLRQIRUWKH3UHYHQWLRQRI0DULQH3ROOXWLRQ
0&5 0D[LPXPFRQWLQXRXVUDWLQJ
0*2 0DULQH*DV2LO
1* 1DWXUDO*DV
12[ 1LWURJHQ2[LGHV
30 3DUWLFXODU0DWWHU
6((03 6KLS(QHUJ\(IILFLHQF\0DQDJHPHQW3ODQ
62& 6WDUWRIFRPEXVWLRQ
62[ 6XOSKXU2[LGHV
7'& 7RS'HDG&HQWUH
7& 7XUERFKDUJHU
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$.12:/('*0(176
*DPPD7HFKQRORJLHVVXSSRUWLVJUHDWO\DFNQRZOHGJHGE\WKHDXWKRUV
5()(5(1&(6
$EDJQDOH&&DPHUHWWL0'H6LPLR/0*,DQQDFFRQH6	7XFFLOOR51XPHULFDOVLPXODWLRQ
DQG H[SHULPHQWDO WHVW RI GXDO IXHO RSHUDWHG GLHVHO HQJLQHV $SSOLHG 7KHUPDO (QJLQHHULQJ 
GRLKWWSG[GRLRUJMDSSOWKHUPDOHQJ
$EGHOUDKPDQ + $QWRQLQR / 5 	 3DXO 6  7RZDUGV NHHSLQJ GLHVHO IXHO VXSSO\ DQG GHPDQG LQ
EDODQFH'XDOIXHOOLQJRIGLHVHOHQJLQHVZLWKQDWXUDOJDV5HQHZDEOHDQG6XVWDLQDEOH(QHUJ\5HYLHZV
GRLKWWSG[GRLRUJMUVHU
$%66KLS(QHUJ\(IILFLHQF\0HDVXUHV6WDWXVDQG*XLGDQFH3XEOLFDWLRQ1R7;
$PLW%0DUNXV./XFD0	)DELDQ00RGHOOLQJD'XDOIXHOOHG0XOWLF\OLQGHU+&&,(QJLQH
8VLQJD3')EDVHG(QJLQH&\FOH6LPXODWRU6$(
$QGUH5'XDO)XHOIRUPDULWLPHDSSOLFDWLRQ,Q3URFHHGLQJVRIWKHWK&,0$&:RUOG&RQJUHVVRQ
&RPEXVWLRQ(QJLQH7HFKQRORJ\6KDQJKDL&KLQD 0D\3DSHUQR
$VKRN%'HQLV6$VKRN&	5DPHVK.$SULO/3*GLHVHOGXDOIXHOHQJLQH $FULWLFDOUHYLHZ
$OH[DQGULD(QJLQHHULQJ-RXUQDOGRLKWWSG[GRLRUJMDHM
%DOGL)7KHRWRNDWRV*	$QGHUVVRQ.'HYHORSPHQWRIDFRPELQHGPHDQYDOXH]HURGLPHQVLRQDO
PRGHODQGDSSOLFDWLRQ IRUD ODUJHPDULQH IRXUVWURNH'LHVHOHQJLQHVLPXODWLRQ$SSOLHG(QHUJ\

%DQFN $(LNH6 	&DUVWHQ5 'XDO)XHO(QJLQHRSWLPL]HG IRUPDULQH DSSOLFDWLRQV WK &,0$&
:RUOG&RQJUHVVS+HOVLQNL&,0$&
%HQYHQXWR * &DPSRUD 8 	 /DYLROD 0  6LPXODWLRQ 0RGHO RI D 0HWKDQH)XHOOHG )RXU 6WURNH
0DULQH (QJLQH IRU 6WXGLHV RQ /RZ (PLVVLRQ 3URSXOVLRQ 6\VWHPV ,0$0  WK ,QWHUQDWLRQDO
&RQJUHVVRQ0DULWLPH$VVRFLDWLRQRIWKH0HGLWHUUDQHDQSS3DJHV $FRUXJQD6SDLQ&5&
3UHVVGRLE
%R<&KHQJ[XQ;;LQJ:.H=	0LQJ&KLD/3DUDPHWULFLQYHVWLJDWLRQRIQDWXUDOJDVSRUW
LQMHFWLRQ DQGGLHVHO SLORW LQMHFWLRQ RQ WKH FRPEXVWLRQ DQG HPLVVLRQVRI D WXUERFKDUJHG FRPPRQ UDLO
GXDOIXHO HQJLQH DW ORZ ORDG $SSOLHG (QHUJ\  
GRLKWWSG[GRLRUJMDSHQHUJ\
%RHFNKRII1+HLGHU*	+DJO32SHUDWLRQDOH[SHULHQFHRI WKH')IURP0$1'LHVHO6(
3$3(512&,0$&%HUJHQ
%RZV /DUNLQ0DQGHU$*LOEHUW67UDXW3	:DOVK0+LJK6HDV+LJK6WDNHV+LJK6HDV)LQDO
5HSRUW 8QLYHUVLW\ RI 0DQFKHVWHU 6FKRRO RI 0HFKDQLFDO $HURVSDFH DQG &LYLO (QJLQHHULQJ 7\QGDOO
&HQWUH IRU &OLPDWH &KDQJH 5HVHDUFK 5HWULHYHG IURP
KWWSZZZORZFDUERQVKLSSLQJFRXNILOHVXFOBDGPLQ+LJKB6HDVB+LJKB6WDNHVB+LJKB6HDVB3URMHFWB)L
QDOB5HSRUWSGI
&DPHUHWWL 0 7XFFLOOR 5 'H 6LPLR / ,DQQDFFRQH 6 	 &LDUDYROD 8  $ QXPHULFDO DQG
H[SHULPHQWDO VWXG\ RI GXDO IXHO GLHVHO HQJLQH IRU GLIIHUHQW LQMHFWLRQ WLPLQJV $SSOLHG 7KHUPDO
(QJLQHHULQJ GRLKWWSG[GRLRUJMDSSOWKHUPDOHQJ
&KULVWHQ & DQG %UDQG '  ,027LHU  *DV DQGGXDO IXHO HQJLQHV DV D FOHDQ DQG HIILFLHQW VROXWLRQ
3DSHU QR  WK &,0$& :RUOG &RQJUHVV RQ &RPEXVWLRQ (QJLQH 7HFKQRORJ\ 6KDQJKDL &KLQD
 0D\
&LFKRZLF] - 7KHRWRNDWRV * 	 9DVVDORV '  '\QDPLF HQHUJ\ PRGHOOLQJ IRU VKLS OLIHF\FOH
SHUIRUPDQFHDVVHVVPHQW2FHDQ(QJLQHHULQJ
&,0$&  (0,66,21 &$/&8/$7,21 &+(&. *8,'(  ,02 12[ 7HFKQLFDO &RGH  7KH
(PLVVLRQV 0HPEHUV
KWWSZZZFLPDFFRPFPVXSORDGZRUNLQJJURXSV:*&,0$&B([KDXVWB(PLVVLRQVB&RQWUROB4XDOLW
\B*XLGHB,02B12[B7HFKQLFDOB&RGHBB),1$/SGI>$FFHVVHG'HF@
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&,0$&  75$16,(17 5(63216( %(+$9,285
)UDQNIXUW&,0$&
&LXOOL (  $ UHYLHZ RI LQWHUQDO FRPEXVWLRQ HQJLQH ORVVHV SW  VWXGLHV IRU JOREDO HYDOXDWLRQV
3URFHHGLQJV RI WKH ,QVWLWXWLRQ RI 0HFKDQLFDO (QJLQHHUV 3DUW ' -RXUQDO RI$XWRPRELOH (QJLQHHULQJ
SS
&REOH$6PDOOERQH$%KDYH$0RVEDFK6.UDIW01LYHQ3DQG$PSKOHWW6,PSOHPHQWLQJ
'HWDLOHG&KHPLVWU\DQG,Q&\OLQGHU6WUDWLILFDWLRQLQWR',&(QJLQH&\FOH6LPXODWLRQ7RROV6$(
7HFKQLFDO3DSHU6HULHVGRL
&RUGLQHU 6 5RFFR 9 6FDUFHOOL 5 *DPELQR 0 ,DQQDFFRQH V 	 6HWDUR *  1XPHULFDO DQG
([SHULPHQWDO $QDO\VLV RI WKH %HKDYLRXU RI D +HDY\'XW\ 'LHVHO (QJLQH &RQYHUWHG WR 'XDO)XHO
2SHUDWLRQV6$(7HFKQLFDO3DSHUGRL
(06$HPVDHXURSDHX5HWULHYHGIURPHPVDHXURSDHXPDLQDLUSROOXWLRQKWPO
(3$&RQWURORI(PLVVLRQVIURP1HZ0DULQH&RPSUHVVLRQ,JQLWLRQ(QJLQHVDWRU$ERYH/LWHUVSHU
&\OLQGHU)LQDO5XOH)HGHUDO5HJLVWHU5XOHVDQG5HJXODWLRQV$SULO
(3$ZZZHSDJRY5HWULHYHGIURPZZZHSDJRYRWDTPDULQHKWP
%RXPDQ ( /LQGVWDG ( 5LDOODQG $ 6WU¡PPDQ $  6WDWHRIWKHDUW WHFKQRORJLHV PHDVXUHV DQG
SRWHQWLDO IRUUHGXFLQJ *+* HPLVVLRQV IURP VKLSSLQJ  $ UHYLHZ 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW '
 GRLKWWSG[GRLRUJMWUG
*DPPD7HFKQRORJLHV*75HIHUHQFH0DQXDO
*HRUJHVFX , 'RXZH 6 	 %HQQ\ 0   '\QDPLF %HKDYLRXU RI *DV DQG 'XDO)XHO (QJLQHV 8VLQJ
0RGHOVDQG6LPXODWLRQV WR$LG6\VWHP,QWHJUDWLRQ3$3(512 WK&,0$&:RUOG&RQJUHVV
+HOVLQNL
+HQGULN/$QGUHDV%	(LNH6,QYHVWLJDWLRQRIDOWHUQDWLYHGXDOIXHOHQJLQHFRQFHSWVWK&,0$&
:RUOG&RQJUHVVS+HOVLQNL
+H\ZRRG-%,QWHUQDOFRPEXVWLRQHQJLQHIXQGDPHQWDOV0F*UDZ+LOO,QF

SURPRWLQJWKHXVHRI/1*DVDOWHUQDWLYHIXHO(XURSHDQ0DULWLPH6DIHW\$JHQF\(06$-XO\
,020$532/$QQH[9,5HJXODWLRQ
,020$532/$QQH[9,5HJXODWLRQ
-DUI & 	 6XWNRZVNL 0  7KH :lUWVLOl *' HQJLQH IRU KHDY\ JDVHV :lUWVLOl 5HWULHYHG -DQXDU\
 IURP 3ROLVK 6FLHQWLILF 6RFLHW\ RI &RPEXVWLRQ (QJLQHV KWWSZZZFRPEXVWLRQ
HQJLQHVHXHQQXPEHUV
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 0HWKDQH VOLS UHGXFWLRQ LQ :DUWVLOD OHDQ EXUQ JDV 3$3(5 12  WK &,0$& :RUOG
&RQJUHVV%HUJHQ1RUZD\
-HDQ0LFKDHO+5HWURILWRI:lUWVLOlGLHVHOHQJLQHWR'XDOIXHO&ROORTXHRSWLPLVDWLRQpQHUJpWLTXHGHV
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 
.ULVKQDQ653HUIRUPDQFHDQGKHDWUHOHDVHDQDO\VLVRIDSLORWLJQLWHGQDWXUDOJDVHQJLQH,QWHUQDWLRQDO
-RXUQDORI(QJLQH5HVHDUFK
.\ULDNLGHV 1 &KU\VVDNLV & DQG .DLNWVLV /  ,QIOXHQFH RI +HDY\ )XHO 3URSHUWLHV RQ 6SUD\
$WRPL]DWLRQIRU0DULQH'LHVHO(QJLQH$SSOLFDWLRQV6$(7HFKQLFDO3DSHU6HULHV
/L<5HVHDUFKRQWKH,QIOXHQFHRI'LHVHO,QMHFWLRQ/DZWR&RPEXVWLRQ3URFHVVRI0LFUR,JQLWLRQ'XDO
)XHO(QJLQH3$3(512WK&,0$&:RUOG&RQJUHVV+HOVLQNL
/LX=	.DULP*6LPXODWLRQRIFRPEXVWLRQSURFHVVHVLQJDVIXHOOHGGLHVHOHQJLQHV3URFHHGLQJVRI
WKH,QVWLWXWLRQRI0HFKDQLFDO(QJLQHHUV3DUW$-RXUQDORI3RZHUDQG(QHUJ\
/LYDQRV*7KHRWRNDWRV*	3DJRQLV' 7HFKQRHFRQRPLF LQYHVWLJDWLRQRIDOWHUQDWLYHSURSXOVLRQ
SODQWV IRU IHUULHV DQG URUR VKLSV (QHUJ\ &RQYHUVLRQ DQG 0DQDJHPHQW SS 
GRLMHQFRQPDQ
0$1'LHVHO	7XUER6)2&2SWLPL]DWLRQ0HWKRGVIRU0$1%	:7ZR6WURNH,027LHU,,(QJLQHV
0$1'LHVHO	7XUER$XJVEXUJ*HUPDQ\3XEOLFDWLRQQR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0$1 'LHVHO 	 7XUER  0(*, *DVUHDG\ 6KLS 0$1 'LHVHO 	 7XUER 3XEOLFDWLRQ 1R 
SSU$XJ'HQPDUN
0DYUHORV & 	 7KHRWRNDWRV *  1XPHULFDO ,QYHVWLJDWLRQ RI D 3UHPL[HG &RPEXVWLRQ /DUJH 0DULQH
7ZR6WURNH'XDO)XHO(QJLQHIRU2SWLPLVLQJ(QJLQH6HWWLQJVYLD3DUDPHWULF5XQV(QHUJ\&RQYHUVLRQ
DQG0DQDJHPHQW
0HQJKDQ / 4LDQJ = *XR[LDQJ / 	 6 6  ([SHULPHQWDO LQYHVWLJDWLRQ RQ SHUIRUPDQFH DQG KHDW
UHOHDVH DQDO\VLV RI D SLORW LJQLWHG GLUHFW LQMHFWLRQ QDWXUDO JDV HQJLQH (QHUJ\ 
GRLKWWSG[GRLRUJMHQHUJ\
0HUNHU*6FKZDU]&6WLHVFK*	2WWR) 6LPXODWLQJ&RPEXVWLRQ%HUOLQ*HUPDQ\ 6SULQJHU
9HUODJ
0L]\WKUDV3%RXORXJRXULV(7KHRWRNDWRV*1XPHULFDOVWXG\RISURSXOVLRQV\VWHPSHUIRUPDQFHGXULQJ
VKLSDFFHOHUDWLRQ2FHDQ(QJLQHHULQJMRFHDQHQJ
0RKDQG6DLG/.KDOHG//\HV7	0RXUDG%7RZDUGVLPSURYHPHQWRIQDWXUDOJDVGLHVHOGXDO
IXHO PRGH $Q H[SHULPHQWDO LQYHVWLJDWLRQ RQ SHUIRUPDQFH DQG H[KDXVW HPLVVLRQV (QHUJ\ 
GRLKWWSG[GRLRUJMHQHUJ\
0RKU + 	 %DXIHOG 7  ,PSURYHPHQW RI GXDOIXHOHQJLQH WHFKQRORJ\ IRU FXUUHQW DQG IXWXUH
DSSOLFDWLRQV3$3(512&,0$&6KDQJKDL
0RUL\RVKL < ;LRQJ 4 .XER\DPD 7 DQG 0RULNDZD .  &RPEXVWLRQ $QDO\VLV LQ D 1DWXUDO *DV
(QJLQHZLWK3UH&KDPEHUWR,PSURYH7KHUPDO(IILFLHQF\,Q3URFHHGLQJVRI WKHWK&,0$&:RUOG
&RQJUHVVRQ&RPEXVWLRQ(QJLQH7HFKQRORJ\+HOVLQNL)LQODQG -XQH
1\OXQG,	2WW0'HYHORSPHQWRID'XDO)XHO WHFKQRORJ\IRUVORZVSHHGHQJLQHV3DSHU1R
WK&,0$&:RUOG&RQJUHVV6KDQJKDL&KLQD
1\OXQG ,  )LHOG H[SLULHQFH ZLWK WKH :lUWVLOl ') 'XDO IXHO HQJLQH 3$3(5 12  &,0$&
9LHQQD
2]FDQ+	<DPLQ-3HUIRUPDQFHDQGHPLVVLRQFKDUDFWHULVWLFVRI/3*SRZHUHGIRXUVWURNH6,HQJLQH
XQGHUYDULDEOHVWURNHOHQJWKDQGFRPSUHVVLRQUDWLR(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW
KWWSG[GRLRUJMHQFRQPDQ
3DSDJLDQDNLV55DNRSRXORV&+RXQWDODV'	5DNRSRXORV' (PPLVLRQFKDUDFWHULVWLFVRIKLJK
VSHHG GXDO IXHO FRPSUHVVLRQ LJQLWLRQ HQJLQH RSHUDWLQJ LQ D ZLGH UDQJH RI QDWXUDO JDVGLHVHO IXHO
SURSRUWLRQV )8(/  WK ,QWHUQDWLRQDO 6\PSRVLXP RQ $OFRKRO )XHOV   
GRLMIXHO
3LUNHU*/RVRQF]L%)LPPO::LPPHU$DQG&KPHOD)3UHGLFWLYH6LPXODWLRQRI&RPEXVWLRQ
DQG (PLVVLRQV LQ /DUJH 'LHVHO (QJLQHV ZLWK 0XOWLSOH )XHO ,QMHFWLRQ ,Q 3URFHHGLQJV RI WKH WK
&,0$& :RUOG &RQJUHVV RQ &RPEXVWLRQ (QJLQH 7HFKQRORJ\ %HUJHQ 1RUZD\   -XQH 
3DSHUQR
3RUWLQ.:lUWVLOlGXDOIXHO')HQLQHVIRURIIVKRUHDSSOLFDWLRQVDQGPHFKDQLFDOGULYH3$3(512
&,0$&%HUJHQ
4LDQJ = 1D / 	 0HQJKDQ /  &RPEXVWLRQ DQG HPLVVLRQ FKDUDFWHULVWLFV RI DQ HOHFWURQLFDOO\
FRQWUROOHG FRPPRQUDLO GXDOIXHO HQJLQH -RXUQDO RI WKH (QHUJ\ ,QVWLWXWH 
GRLKWWSG[GRLRUJMMRHL
5LW]NH-$QGUHH67KHLOH0+HQNH%6FKOHHI.1RFNH-DQG+DVVHO(6LPXODWLRQRID'XDO
)XHO/DUJH0DULQH(QJLQHVXVLQJFRPELQHG'DQG'$SSURDFKHV,Q7KH,QWHUQDWLRQDO&RXQFLO
RQ&RPEXVWLRQ(QJLQHV,Q3URFHHGLQJVRI WKHWK&,0$&:RUOG&RQJUHVVRQ&RPEXVWLRQ(QJLQH
7HFKQRORJ\+HOVLQNL)LQODQG -XQH3DSHUQR
6DYYD1DQG+RXQWDODV'(YROXWLRQDQGDSSOLFDWLRQRIDSVHXGRPXOWL]RQHPRGHOIRUWKHSUHGLFWLRQ
RI12[HPLVVLRQVIURPODUJHVFDOHGLHVHOHQJLQHVDWYDULRXVRSHUDWLQJFRQGLWLRQV(QHUJ\&RQYHUVLRQ
DQG0DQDJHPHQWSS 
6KLQVXNH 0 7KRPDV . 5REHUW 6 0LFKDHO = ,QJR . 	 $QGUHL /  +ROLVWLF $SSURDFK IRU
3HUIRUPDQFH DQG (PLVVLRQ 'HYHORSPHQW RI +LJK 6SHHG *DV DQG 'XDO )XHO (QJLQHV WK &,0$&
:RUOG&RQJUHVVS+HOVLQNL
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6KXRQDQ;'DYLG$$PULW6	0DUN+'HYHORSPHQWRID3KHQRPHQRORJLFDO'XDO)XHO1DWXUDO
*DV 'LHVHO (QJLQH 6LPXODWLRQ DQG ,WV 8VH IRU $QDO\VLV RI 7UDQVLHQW 2SHUDWLRQV 6$(
GRL
6LQJK6.RQJ65HLW]5.ULVKQDQ6	DOH0RGHOOLQJDQG([SHULPHQWVRI'XDO)XHO(QJLQH
&RPEXVWLRQDQG(PLVVLRQV6$(7HFKQLFDO3DSHUGRL
6L[HO(-+LOWQHU-	5LFNHUW&8VHRI'VLPXODWLRQWRROVZLWKDSK\VLFDOFRPEXVWLRQPRGHOIRU
WKHGHYHORSPHQWRI'LHVHO*DVRU'XDO)XHOHQJLQHV3$3(512WK&,0$&:RUOG&RQJUHVV
+HOVLQNL
6ULQLYDVDQ..ULVKQDQ6	0LGNLII.,PSURYLQJORZORDGFRPEXVWLRQVWDELOLW\DQGHPLVVLRQVLQ
SLORWLJQLWHG QDWXUDO JDV HQJLQHV 3URFHHGLQJV RI WKH ,QVWLWXWLRQ RI 0HFKDQLFDO (QJLQHHUV 3DUW '
-RXUQDORI$XWRPRELOH(QJLQHHULQJSSGRL-$872
7KHRWRNDWRV*	7]HOHSLV9$&RPSXWDWLRQDOVWXG\RQWKHSHUIRUPDQFHDQGHPLVVLRQVSDUDPHWHUV
PDSSLQJRIDVKLSSURSXOVLRQV\VWHP3URF,0HFK(3DUW0-(QJ0DU(QYLURQ 
7KHRWRNDWRV*6WRXPSRV6/D]DNLV,	/LYDQRV*1XPHULFDOVWXG\RIDPDULQHGXDOIXHOIRXU
VWURNH HQJLQH ,Q & * 6RDUHV 	 7 $ 6DQWRV (GV 0DULWLPH 7HFKQRORJ\ DQG (QJLQHHULQJ ,,,
3URFHHGLQJV RI WKH UG ,QWHUQDWLRQDO &RQIHUHQFH RQ 0DULWLPH 7HFKQRORJ\ DQG (QJLQHHULQJ
0$57(&+  /LVERQ 3RUWXJDO  -XO\  9RO  SS  /RQGRQ '2,
E
&RPEXVWLRQ ([SORVLRQ DQG 6KRFN :DYHV 
 
:DQJ%/L7*H/	2JDZD+2SWLPL]DWLRQRIFRPEXVWLRQFKDPEHUJHRPHWU\IRUQDWXUDOJDV
HQJLQHVZLWKGLHVHOPLFURSLORWLQGXFHGLJQLWLRQ(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW
KWWSG[GRLRUJMHQFRQPDQ
:DQJ+.ROPDQRYVN\,6XQ-	2]DNL<)HHGEDFNFRQWUROGXULQJPRGHWUDQVLWLRQIRUDPDULQH
GXDO IXHO HQJLQH ,QWHUQDWLRQDO )HGHUDWLRQ RI $XWRPDWLF &RQWURO ,)$& 3DSHUV RQ /LQH  
GRLMLIDFRO
:lUWVLOl  ,PSURYLQJ HQJLQH IXHO DQG RSHUDWLRQDO HIILFLHQF\ :lUWVLOl VHUYLFHV EXVLQHVV ZKLWH SDSHU
HQJLQH IXHO DQG RSHUDWLRQDO HIILFLHQF\ 5HWULHYHG IURP KWWSFGQZDUWVLODFRPGRFVGHIDXOW
VRXUFHVHUYLFHVGRFXPHQWVZKLWHSDSHUVZDUWVLODEZSLPSURYLQJHQJLQHIXHODQGRSHUDWLRQDO
HIILFLHQF\SGI"VIYUVQ 
:lUWVLOl  ') :lUWVLOl 5HWULHYHG IURP
KWWSZZZZDUWVLODFRPSURGXFWVPDULQHRLOJDVHQJLQHVJHQHUDWLQJVHWVGXDOIXHOHQJLQHVZDUWVLOD
GI KWWSZZZZDUWVLODFRPSURGXFWVPDULQHRLOJDVHQJLQHVJHQHUDWLQJVHWVGXDOIXHO
HQJLQHVZDUWVLODGI
:HL+&KHQ;:DQJ*=KRX/$Q6DQG6KX*(IIHFWRIVZLUOIORZRQVSUD\DQGFRPEXVWLRQ
FKDUDFWHULVWLFV ZLWK KHDY\ IXHO RLO XQGHU WZRVWURNH PDULQH HQJLQH UHOHYDQW FRQGLWLRQV $SSOLHG
7KHUPDO(QJLQHHULQJSSKWWSVGRLRUJMDSSOWKHUPDOHQJ
:HLIHQJ/=KRQJFKDQJ/	=KRQJVKX:([SHULPHQWDODQGWKHRUHWLFDODQDO\VLVRIWKHFRPEXVWLRQ
SURFHVV DW ORZ ORDGV RI D GLHVHO QDWXUDO JDV GXDOIXHO HQJLQH (QHUJ\ 
GRLKWWSG[GRLRUJMHQHUJ\
:RVFKQL*$8QLYHUVDOO\$SSOLFDEOH(TXDWLRQIRUWKH,QVWDQWDQHRXV+HDW7UDQVIHU&RHIILFLHQWLQWKH
,QWHUQDO&RPEXVWLRQ(QJLQH9RO6$(7HFKQLFDO3DSHUGRL
;X 6 $QGHUVRQ ' 6LQJK $ +RIIPDQ 0 3UXFND 5 	 )LOLSL =  'HYHORSPHQW RI D
3KHQRPHQRORJLFDO 'XDO)XHO 1DWXUDO *DV 'LHVHO (QJLQH 6LPXODWLRQ DQG ,WV 8VH IRU $QDO\VLV RI
7UDQVLHQW2SHUDWLRQV6$(,QW-(QJLQHV
<DQJ/6RQJ('LQJ6%URZQ50DUZDQ1DQG0D;$QDO\VLVRIWKHG\QDPLFFKDUDFWHULVWLFV
RIFRPEXVWLRQLQVWDELOLWLHVLQDSUHPL[HGOHDQEXUQQDWXUDOJDVHQJLQH$SSOLHG(QHUJ\SS

<RXVHIL$%LURXN0/DZOHU%	*KDUHKJKDQL$3HUIRUPDQFHDQGHPLVVLRQVRIDGXDOIXHOSLORW
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